I. INTRODUCTION
Physicists sometimes use the terms medical physics and biological physics loosely and almost interchangeably. Within these fields, however, there is a distinction. In the United States the term medical physics has traditionally meant the physics used to diagnose and treat disease. We have diagnostic and therapeutic radiology, diagnostic and therapeutic nuclear medicine, ultrasound ͑mainly diagnostic but treatments are emerging͒, and magnetic resonance imaging. Recently the areas of interest to the medical physicist have expanded as still more diverse and sophisticated instruments such as lasers are used for diagnosis and treatment. The American Association of Physicists in Medicine is the professional organization affiliated with the American Institute of Physics to which most medical physicists in the United States belong.
Biological physics is the study of biological phenomena using physical techniques, encompassing studies as diverse as molecular and cellular structure and function, physiology, biomedical instrumentation, the medical physics areas described in the preceding paragraph, and mathematical biology. Sometimes the terms biological physics and biophysics are used interchangeably. However, in recent years the term biophysics has been used more narrowly to mean the study of molecular and cellular biology. Members of the Biophysical Society have interests primarily in biophysics, while members of the Division of Biological Physics in the American Physical Society are concerned primarily with biological physics.
This Resource Letter describes the use of physics to diagnose and treat disease in humans. This definition includes biomedical engineering as well as medical physics, but it ignores significant applications of physics in physiology and molecular and cellular biology.
In many cases a textbook is the most appropriate way to begin learning about a topic in medical physics. Where they are available, they open the list of references for each topic below. The journal articles cited here are representative examples rather than the state of the art or an exhaustive bibliography. One can explore further by reading the references in the articles cited, by scanning the journals listed here, or by using PubMed ͑www.pubmedcentral.nih.gov͒ to find other articles on the same subject. Another accessible source of information can be found at Scholarpedia ͑www.scholarpedia.org͒, which is similar to the better-known Wikipedia ͑www.wikipedia.org͒, except that each article is written by an expert and has a curator who must approve changes.
B. Biomedical engineering
Annals of Biomedical Engineering. This is the journal of the Biomedical Engineering Society. ͑I,A͒ Annual Reviews of Biomedical Engineering. Volume 1 was published in 1999. For the topics in this Resource Letter, this journal replaces Annual Reviews of Biophysics and Biomedical Engineering, which in recent years has been devoted to molecular biophysics and which, after various name changes, is now called Annual Reviews of Biophysics 
III. RELATED RESOURCE LETTERS
A number of Resource Letters are relevant to medical and biological physics. The first five are of historical interest.
They show the state of mathematical biology, biophysics, and biomedical engineering from the mid-1960s to the mid1980s.
Resource Letter MPRT-1: Medical Physics in Radia-
tion Therapy, S. T. Ratliff, Am. J. Phys. 77͑9͒, 773-864 ͑2009͒. The extensive discussion of radiation therapy includes radiological physics ͑the physics of ionizing radiation͒, particle accelerators, dose measurement, protocols for measuring dose, radiation shielding and radiation protection, neutron, proton, and heavy-ion therapy, imaging to identify and track tumor volume and location, brachytherapy ͑implanted radioactive isotopes͒, quality assurance, treatment planning, dose calculations, intensity-modulated therapy, and image-guided therapy. It also has a list of medical physics curricula and websites. ͑E,I,A͒ 
IV. GENERAL TEXTS

A. General
Diagnostic images are obtained using ultrasound, x rays, radioactive isotopes, and magnetic resonance imaging. There are two types of information a physicist may want about these modalities: First, the details of the physics behind the medical image and second, pictures of the equipment and typical diagnostic images. We give references for both. Examples are often best found in textbooks for radiologists or the allied health personnel ͑technologists͒ who actually perform the procedures.
The references in this subsection apply to all of these imaging modalities. Later subsections give references specific to each modality.
Tomography is derived from the Greek tomos, meaning slice. Tomography was originally a technique in which the film and x-ray tube were rotated about a point or line passing through an organ of interest, thereby blurring structures that are not close to the pivot. In computed tomography ͑CT͒, two-dimensional slices are reconstructed from a series of projections. CT is used in medical physics with x rays, radioactive isotopes, and magnetic resonance imaging. The reconstruction technique was developed simultaneously in radioastronomy, crystallography, radiology, and nuclear medicine. Two physicists shared the Nobel Prize in Physiology or Medicine for this development. The next two references are their Nobel Lectures. Phys. 7, 283-290 ͑1980͒. Also available at ͗nobelprize.org/nobel_prizes/medicine/laureates/1979/ hounsfield-lecture.html͘. ͑I͒ X-ray transmission tomography reconstructs in two dimensions the attenuation coefficient ͑x , y͒ from a series of projections of ͐͑s͒ds. In spiral or helical CT, the patient is moved through the continuously rotating x-ray apparatus along the z ͑long͒ axis, and linear interpolation is used to reconstruct the slices. It is now possible to produce threedimensional reconstructions of organs, blood vessels, the inside of the colon, etc. and to examine them from any angle. It is estimated that in 2006 about 45 000 CT scanners were in use, most of which were whole-body spiral scanners ͑Ref. 53͒.
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In emission tomography, a nuclear-medicine procedure, the concentration of a radioactive isotope C͑x , y͒ is reconstructed from a series of projections ͐C͑s͒ds. In singlephoton emission computed tomography ͑SPECT͒, a gamma-emitting isotope is used. In positron emission tomography ͑PET͒, a positron emitter is used, and the two annihilation photons are detected in coincidence.
The following references discuss two or more imaging modalities: ͑2006͒. This review describes the advance from film to digital detectors, our understanding of image quality, image processing, and computer diagnosis. ͑E,I͒ 29. "50th Anniversary Issue," Phys. Med. Biol. 51͑13͒, R1-R504 ͑2006͒. This entire issue has 25 articles on the history and development of various aspects of diagnostic and therapeutic radiology. ͑E,I͒ A number of very sophisticated image processing techniques are available to the radiologist. These include feature recognition, noise reduction, and compression techniques.
Foundations of Medical
Compression is important for the storage and transmission of diagnostic images. The image must be compressed in a manner that does not lose meaningful diagnostic information. The need to view, transmit, and store images from many vendors has led to the Picture Archiving and Communication System ͑PACS͒ and the standard for Digital Imaging and Communication in Medicine ͑DICOM͒. The ability to transmit and display diagnostic-quality images allows teleradiology: The radiologist can cover several clinics or hospitals from one location. All this is discussed in the next five references. 
Image Processing in Radiology Current
B. Ultrasound
Ultrasound is widely used in medical diagnosis. Conventional ultrasound images show specular reflections from acoustic-impedance discontinuities between structures in the body. Doppler ultrasound detects moving structures, such as the beating fetal heart, or measures the velocity of red cells in flowing blood. The nonlinear response of tissue to highintensity ultrasound leads to harmonic generation; these harmonics have recently been used for imaging. Ultrasound is also being used to measure the elastic properties of tissue ͑see, for example, Ref. 44͒. The use of ultrasound for therapy is described in Sec. VI.
There are several good general texts and articles. See also Refs. 13, 14, 19, 20, and 51͑13͒, R83-R98 ͑2006͒. Reviews the development of ultrasound imaging and indicates possible areas of future development. ͑E,I͒ In addition to the specular reflection from organ boundaries, there is diffuse scattering from microstructures in the organ tissue. This signal is 40-50 dB less than the specular reflection, but it can be used to characterize the tissue. 
Ultrasonic Scattering in Biological
C. X-ray images
Everyone is familiar with the x-ray image or radiograph made on film. A beam of x rays from a point source passes through the body and exposes a photographic plate. Structures that attenuate the x rays more appear lighter on the developed film. The x-ray dose to the patient should be the lowest that provides a satisfactory signal-to-noise ratio. To reduce the dose the film is made more sensitive to x rays by sandwiching it between fluorescent screens in a cassette. See Refs. 13, 14, 19, 20, and 21 . In mammography the characteristics of the x-ray beam are optimized for soft-tissue imaging. The radiology texts listed earlier describe the apparatus in detail and have many examples of diagnostic radiographs.
Dental In computed radiography ͑CR͒ a storage phosphor replaces the film in the cassette. After exposure the storage phosphor is read out and digitized by scanning it with a laser and recording the light produced. Direct radiography ͑DR͒ comes in two forms. In direct conversion the x rays interact with a photoconductor that is in contact with a thin-film transistor array. In indirect conversion, the x rays strike a scintillator, and the resulting light is detected by a charge-coupled detector ͑CCD͒ array. Refs. 8, 13, 14, 19, 20, 21, 31, 34, and 35. Most of the references in the general section above describe x-ray computed tomography. The history of x-ray CT is found in 52. "Anniversary Paper: Development of x-ray computed tomography: 
"Advances in digital radiography
D. Nuclear medicine
Diagnostic nuclear-medicine techniques involve measuring the distribution of a radioactive substance in various organs, often as a function of time. The spatial resolution is not as good as in radiology, but one obtains information about function-the uptake and disappearance of the isotope from an organ. The gamma camera or scintillation camera produces images similar to those in conventional radiography. It produces a two-dimensional picture showing "hot spots" or "cold spots," with no information about the depth of the source in the body. Computed tomography with radioactive isotopes includes SPECT and PET.
Most single-photon imaging is done with the isotope 99m Tc, which has a half life of 6 h. It is produced as the decay product of 99 Mo. The latter's 67 h half life means it can be produced at a national facility and shipped to hospitals. The positron emitters used in PET have much shorter half lives. The one that is used almost universally is 18 Refs. 8, 13, 14, 20, 21, and 29. Since the images obtained with nuclear medicine do not have the spatial resolution of x-ray images but provide information about function, one can obtain additional information by superimposing a PET image on a CT image. This is described in some of the nuclear-medicine texts and also in
Nuclear Medicine and PET/CT: Technology and
Techniques, 6th ed., P. E. Christian and K. M. Waterstram-Rich ͑Mosby/Elsevier, St. Louis, 2007͒. This book is intended for technologists and residents.
Half the book is devoted to the technology and tech-niques. It includes preparation of radiopharmaceuticals, patient care, classic gamma camera, SPECT and PET, and x-ray CT. ͑E,I͒
E. Magnetic resonance imaging
Magnetic resonance imaging ͑MRI͒ has become one of the most versatile imaging methods in the clinician's arsenal. Nuclear magnetic resonance ͑NMR͒ depends on the precession of nuclear spins ͑often 1 H͒ about a strong static magnetic field. After a radio-frequency magnetic field excites the spins, they relax to their equilibrium position. The precession frequency and relaxation time constant depend sensitively on the spin's environment, which allows researchers to extract much information from NMR experiments. The addition of gradient magnetic fields allows imaging, where the spatial information is encoded in the frequency or phase of the spin precession. MRI provides high-resolution images without ionizing radiation.
In ͑1992͒. An early application of fMRI to human brain activity. ͑I͒ Diffusion tensor imaging is another recent imaging method based on MRI. In anisotropic tissue, such as muscle or white matter in the brain, the technique uses magneticfield gradients applied in different directions to determine the diffusion tensor. From this tensor one can obtain its trace, which supplies an orientation-independent measure of diffusion that is useful when imaging stroke. Alternatively, one can determine the principle axes of the tensor, which indicates the fiber direction and could be used to map fiber tracks in the brain. Xe has several medical applications, including tracing movement of gas in the lungs. ͑I͒ 86. "Magnetic resonance imaging for ischemic heart disease," H. Sakuma, J. Magn. Reson Imaging 26, 3-13 ͑2007͒. An overview of MRI applied to the heart, including the use of contrast agents such as gadolinium. ͑I͒ 87. "Clinical neuroimaging using arterial spin-labeled perfusion magnetic resonance imaging," R. Many researchers are pushing for higher and higher magnetic-field strengths ͑e.g., 7 T͒ for use in MRI. ͑I,A͒ 90. "SQUID-detected magnetic resonance imaging in microtesla fields," J. Clarke, M. Hatridge, and M. Mössle, Annu. Rev. Biomed. Eng. 9, 389-413 ͑2007͒. Some researchers are pushing for lower and lower magnetic-field strengths in MRI. ͑I͒
VI. THERAPY
Radiation therapy is the greatest area of employment of medical physicists. The most common treatment beams are high energy photons; electrons or protons are also used at some centers. Brachytherapy uses radioactive sources that are implanted in tissue or placed in a body cavity to deliver ionizing radiation to the tumor. Ultrasound is also used for therapy. At low intensities it is used for diathermy: Tissue heating by a few degrees to promote blood flow and healing. High-intensity focused ultrasound ͑HIFU͒ was first used in the 1950s to destroy deepseated lesions by creating high temperatures at the focal region, but it did not catch on. Though there are still drawbacks, there has recently been a revival of interest that is described in Ref. 44 and the following articles. Ultrasound is also used for lithotripsy, the pulverization of kidney stones. 
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VII. EFFECTS OF IONIZING RADIATION
Detailed information on the interaction of photons and charged particles is very important for designing x-ray and nuclear-medicine equipment and for understanding the dose to the patient. Cross sections, attenuation coefficients, and absorption coefficients for photons are available on the Web, as are stopping powers and ranges for electrons, positrons, and protons. The quantities used to describe the energy deposited in tissue or a detector are the energy transferred, the energy imparted, and the absorbed dose. The absorbed dose is measured in gray ͑Gy͒ or J kg −1 . The equivalent dose to a target organ multiplies the dose by a dimensionless weighting factor that takes into account the relative biological effectiveness of the radiation on that organ. For photons and electrons, the weighting factor is one. The effective dose takes into account the amount of radiation received by all organs. Both the equivalent and effective doses are measured in sievert ͑Sv͒. Considering the following model will help the reader understand the issue. The probability p of acquiring a radiationinduced cancer is assumed to be proportional to the effective dose H : p = ␣H, where ␣ is determined from higher effective doses, often in studies of the atomic-bomb survivors. This is called the linear-no-threshold ͑LNT͒ model. Since p is usually small, the number of radiation-induced cancers in a population can be predicted using the binomial distribution. The mean number of cases m in a population N is m = ␣NH. The product NH is widely used in radiation protection and is called the collective dose, expressed in person-Sv. The following example, simplified from p. 15 in Ref. 104, helps put this in perspective. Among 100 people, half men and half women, about 42 will be diagnosed with cancer during their lifetime, in the absence of any excess radiation. If they had all received a whole-body dose of 100 mSv ͑100 mGy of x rays or electrons͒, there could be one additional cancer in the group.
Even if the LNT model is correct, mitigation efforts are sometimes misdirected. For example, there has been concern about lung cancer from radon in houses. The following study considered the lung cancer risk from radon in Quebec. In a population of 60 000, a total of 109 lung cancer deaths is predicted. Mitigation to the recommended level of Ͻ200 Bq m −3 would reduce this number from 109 to 105. The same number of lives would be saved by reducing smoking by 0.04%! A detailed reference on the effects of ionizing radiation at low doses can be found in "Resource Letter EIRLD-1: Effects of ionizing radiation at low doses" ͑Ref. 9͒.
Helical CT and multislice systems have more complicated geometries that make it necessary to define new dose parameters.
108. "The measurement, reporting, and management of radiation dose in CT," Report of AAPM Task Group 23 of the Diagnostic Imaging Council CT Committee, American Association of Physicists in Medicine, College Park, MD, 2007. This report describes in detail the multidetector CT geometries of the major manufacturers and the additional parameters required to assess dose. ͑I͒
The discipline of health physics is concerned with the health effects of radiation and other physical stimuli ͑such as lasers, ultrasound, and nonionizing electromagnetic fields͒, as well as ways to protect the public and workers in these graphy and no knowledge of cardiac pacing whatsoever." ͑E͒ 128. A Practical Guide to Cardiac Pacing, 6th ed., H. W. 
